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Risk of epilepsy after febrile convulsions: a national cohort study

CM Verity, Jean Golding

Abstract
Objective-To identify children with febrile

convulsions, classify their febrile convulsions into
simple and complex, and determine the number and
type ofsubsequent afebrile seizures in those children.
Design-National population based study.
Setting-United Kingdom.
Subjects-16004 neonatal survivors born during

one week in April 1970.
Main outcome measures- Information about

febrile and afebrile seizures obtained from question-
naires at 5 and 10 years of age and from hospital
records.
Results-Information was available for 14676 of

the cohort children. 398 (2.7%) of them had had at
least one febrile convulsion. 16 children were known
to be neurologically or developmentaliy abnormal
before the first attack. Ofthe remaining 382 children,
305 had had a simple first febrile convulsion and 77 a
complex first febrile convulsion. Thirteen of the 382
had had one or more afebrile seizures, nine ofwhom
had developed epilepsy (recurrent afebrile seizures).
A higher proportion of children with complex febrile
convulsions (6/95) rather than simple febrile con-
vulsions (3/287) developed epilepsy, the risk being
highest for those who had had focal febrile con-
vulsions (5/17; x2=39 9, p<0 001). Three of the 32
children who had prolonged febrile convulsions
developed afebrile complex partial seizures.
Conclusions-The risk of epilepsy after febrile

convulsions is much less than reported in many

Definitions of convulsions

Febrile convulsion-An event in infancy or childhood
associated with fever but without evidence of intra-
cranial infection or defined cause. This is similar to the
National Institutes of Health definition./ Children
with previous afebrile seizures were excluded.
Suspected seizures in the first four weeks of life were
excluded but convulsions during vaccination fevers
were included.

Complex febrile convulsion -Longer than 15 minutes,
focal, or multiple (more than one convulsion per
episode of fever).

Simple febrile convulsion-Not complex.

Recurrent febrile convulsion-More than one episode
of fever associated with convulsions.

Afebrile convulsion-Classification based on proposals
of the International League Against Epilepsy.8
Children with more than one afebrile attack defined as
having epilepsy.

hospital studies, and if febrile convulsions cause
brain damage that leads to later epilepsy this is a rare
occurrence.

Introduction
Hospital based studies have reported a high incidence

of epilepsy in children after febrile convulsions-up to
40%.' In contrast, population based studies suggest
that the outcome is better, with incidences of 2% and
3-5% in two large American studies.23 Febrile con-
vulsions may cause later afebrile seizures or some
children may be predisposed to both febrile con-
vulsions and subsequent afebrile seizures.
The child health and education study,45 which

began as the British births survey,6 is one of the few
cohort studies large enough to study outcome after
febrile convulsions without the bias inherent in hospital
based studies. We report the risk of afebrile seizures
and epilepsy after febrile convulsions using data
obtained when the cohort of children were aged 10.

Subjects and methods
The British birth survey enrolled 16004 neonatal

survivors-98 5% of the infants born in the United
Kingdom in one week in April 1970. Of these children,
13 135 (82%) were assessed at 5 years of age and 14 902
(93%) at 10 years. At the assessments parents were
asked: "Has the child ever had any form of convulsion,
fit, seizure or other turn in which consciousness was
lost or any part of the body made an abnormal
movement?" After the 10 years assessment replies to
this question were available for 14676 children, of
whom 1318 were judged to have had a suspicious
event. Reported suspicious events were validated by
sending questionnaires to general practitioners and
by obtaining hospital records. Questionnaires were
returned for 1212 (92%) children and records obtained
for 1173 (89%). Children with confirmed febrile
convulsions were classified according to the type of
convulsion (box). Comparisons between groups were
analysed by the X2 test with Yates's correction.

Results
AGE OF ONSET, INCIDENCE, AND RECURRENCE OF FEBRILE
CONVULSIONS

Of the 1318 children who had had suspicious events,
398 had had at least one febrile convulsion by 10 years
of age (median (range) age of onset 1 year 7 months
(2 months-7 years 9 months)). The remaining
children had had other attacks such as breath holding
attacks and afebrile seizures and will be discussed
elsewhere. Two children who had had seizures and
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fever had been diagnosed as having encephalitis. They
were not included in the febrile convulsion group.

Sixteen of the 398 children who had febrile con-
vulsions were known to be neurologically or develop-
mentally abnormal before their first febrile convulsion.
In 10 of the 16 the first febrile convulsion had been
complex, and four had developed afebrile tonic-clonic
seizures. These 16 were excluded for the rest of the
analyses except where specifically stated.
The remaining 382 children were subdivided into

those who had had simple febrile convulsions and those
who had had complex febrile convulsions. This
classification was done, firstly, on the basis of the first
febrile convulsion and, secondly, on the basis of ever
having had a complex febrile convulsion. In all, 305 of
the children had a simple first febrile convulsion, of
whom 18 later had a complex febrile convulsion.
Significantly more of the children whose first febrile
convulsion had been complex rather than simple had a
febrile recurrence (37/77 (48%) complex v 105/305
(34%) simple; x2=4-3, p<0 05). Similarly, more of the
children who had ever had complex febrile convulsions
had a febrile recurrence (55/95 (58%) complex v 87/287
(30%) only simple; X2=22 1, p<0 001).

CLINICAL DETAILS

Among the 382 children who had had febrile con-
vulsions, 78% (74/95) of those who had ever had
complex convulsions were admitted to hospital
compared with 58% (168/287) of those who had only
had simple convulsions (x2= 10 7, p<0 01).

Data about anticonvulsant drugs were available for
293 children (217/287 simple seizures, 76/95 complex
seizures). Forty children (26 simple, 14 complex) were
prescribed prophylactic anticonvulsants for longer
than a month. None of the children with febrile
convulsions died.

OUTCOME AFTER FEBRILE CONVULSIONS

Thirteen of the 382 children had had one or more
afebrile seizures. Six had had tonic-clonic seizures, six
complex partial seizures, and one a mixed seizure
disorder. Nine of the 13 had had more than one afebrile
seizure-that is, had developed epilepsy. The median
age of onset of afebrile seizures in the 13 children was 5
years 1 month. The median interval between the first
febrile convulsion and the first afebrile seizure was 3
years 10 months.
Of the 13 children, nine had had complex febrile

convulsions and six of them had had later afebrile
complex partial seizures. All five children who had had
complex febrile convulsions with focal features later
developed afebrile complex partial seizures. The four
children who had only simple febrile convulsions
developed afebrile tonic-clonic seizures.
Three of the 32 children who had prolonged febrile

convulsions later had one or more afebrile complex
partial seizures; in two of them the prolonged febrile
convulsions occurred in the first year of life and also
had focal features.
Four (5%) of the 81 children who had had their first

febrile convulsions aged less than 1 year later had
afebrile seizures and three (4%) developed epilepsy,
not significantly different from the nine (3%) who had
afebrile seizures and six (2%) who developed epilepsy
among the 301 who had had febrile convulsions when
older than 12 months.

Significantly more children who had had recurrent
rather than single febrile convulsions had afebrile
seizures (9/142 (6%) with recurrences v 4/240 (2%)
single; X2=4 6, p<0 05). This was difficult to evaluate
in isolation, however, as recurrent febrile convulsions
were more common in children who had had complex
febrile convulsions than in those who had had simple
febrile convulsions.

Among children for whom information on family
history of epilepsy in first degree relatives was available
significantly more children with a family history had
later afebrile seizures than children with no family
history (3/19 (16%) with history v 9/274 (3%) no
history; z =43, p<005). Again this was difficult to
evaluate in isolation because significantly more children
who had had complex rather than simple febrile
convulsions had a family history (11/82 (13%) complex
v 8/211 (4%) simple; X2=7-5, p<0-01).

RISK OF EPILEPSY

Table I shows the percentage of children who
developed epilepsy after simple and complex febrile
convulsions. A greater proportion of the children who
had a complex first febrile convulsion developed
epilepsy than the proportion who had a simple first
febrile convulsion, but this did not reach significance.
Outcome differed according to individual complex
features, in particular first febrile convulsions that had
focal features were significantly more likely to be
followed by epilepsy (x2= 15 4, p<0 001).
When children were classified on the basis of ever

having had a complex febrile convulsion the results
were similar to those above. When compared with
those who had only had simple febrile convulsions a
significantly greater proportion of those who had ever
had complex febrile convulsions (X2=6-5, p<0 05) and
of those who had ever had focal febrile convulsions
(X2=39 9, p<0-001) developed epilepsy.

CHILDREN WITHOUT FEBRILE CONVULSIONS

There were 14 278 children in our study who had no
febrile convulsions, and 53 (0-4%) of them developed
epilepsy by the age of 10 years. This is lower than the
proportions who developed epilepsy in the children
who had simple or complex febrile convulsions
(table I). Table II shows the number of children who
had had afebrile tonic-clonic and complex partial
seizures. We used the data on children who did not
have febrile convulsions to calculate the expected
number of children with afebrile seizures in the 398
childrenwho had had febrile convulsions. The observed
number in the febrile convulsion group was 10 times

TABLE i-Afebrile seizures and epilepsy in children who had febrile
convulsions

No ('Yo) who had
No of one or more No (°.%) who had

Febrile convulsion children afebrile seizure epilepsy

First febnrle convulsion
Simple 305 8 (3) 5 (2)
Complext 77 5 (6) 4 (5)

Multiple 42 1(2) 1(2)
Prolonged 30 3 (10) 2 (7)
Focal 13 3 (23)** 3 (23)***

Any febnle convulsion
Simple 287 4 (1) 3 (1)
Complext 95 9 (9)*** 6 (6)*

Multiple 55 3 (5) 2 (4)
Prolonged 32 4 (13)** 2 (6)
Focal 17 5 (29)*** 5 (29)***

*p<0.05, **p<0-01, ***p<0-001 compared with children who had simple
febrile convulsions.
tSome children had convulsions with more than one complex feature.

TABLE II-Comparison of number of children who had afebrile
seizures among those who hadfebrile seizures and those who had not

No of children No of children with
with tonic-clonic complex partial

seizures seizures

Children who had not had febrile
convulsions (n= 14 278)

Observed in children who had
febrile convulsions (n = 398)

Expected in children who had
febrile convulsions*

Observed/expected

36

10

10

19

6

0-5

12

*Based on findings in children who had no febrile convulsions.
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that expected for tonic-clonic seizures and 12 times
that expected for complex partial seizures, but the
ratio of the two types of afebrile seizures was almost
the same as in children who did not have febrile
convulsions.

Discussion
It is difficult to compare our study with others

because of differences in design and in definitions of
epilepsy. For instance, Wallace defined a febrile con-
vulsion as "any convulsion occurring in association
with any febrile illness."9 Our definition excluded
children with "evidence of intracranial infection or
defined cause," as did that used by Nelson and
Ellenberg2 and Annegers et al. I

Hospital based studies tend to select those children
with more severe attacks.' Wallace reported that 62%
of children admitted to hospital for febrile convulsions
had a "complicated" initial attack,9 whereas only 20%
had a complex first attack in our study and 18% in an
American population based study.2 The 1958 British
cohort study found- that children admitted to hospital
with febrile convulsions were more likely to develop
afebrile seizures,'" again suggesting that the more
severe attacks lead to hospital admission.

It has been reported that the younger children are at
the onset of febrile convulsions, the more likely they
are to develop epilepsy, particularly if the febrile
convulsions occur in the first year of life.' We found no
evidence to support this, perhaps because numbers
were too small.

Although there are differences in study design the
conclusions reached by the large population based
studies are similar to ours. The incidence of febrile
convulsions in our study (2 7%) is comparable with the
2 4% found in children up to the age of 11 in the
national child development study."' The proportions of
children with febrile convulsions that had multiple,
prolonged, or focal features are almost identical with
those in the American national collaborative perinatal
project.2 Our incidences of afebrile seizures after
febrile convulsions at 10 years of age are slightly higher
than those reported at 7 years of age by Nelson and
Ellenberg (2-5% had epilepsy at age 10 v 2 0% at age
7).2 This agrees with the report from Annegers et al that
the cumulative risk of an unprovoked seizure increases
with age."

FACTORS ASSOCIATED WITH AFEBRILE SEIZURES

In children who had had febrile convulsions both
recurrent febrile convulsions and a family history
of epilepsy were apparently related to later afebrile
seizures; but we could not properly evalute either
factor because both were associated with the occur-
rence of complex febrile convulsions. Annegers et al
analysed the influence of these factors on a multivariate
basis and found that after febrile convulsions the
occurrence of unprovoked seizures of generalised (but
not partial) onset was associated with the number of
preceding febrile convulsions and with a family history
of "unprovoked" seizures."
We found that a significantly greater proportion of

the children who had ever had complex (rather than
simple) febrile convulsions developed epilepsy. Also
the outcome differed among the three individual
complex features (multiple, prolonged, or focal), in
particular a significantly greater proportion of children
with focal febrile convulsions developed epilepsy.
Similar results were found by Nelson and Ellenberg
using univariate analysis2 and by Annegers et al, who
used both univariate and multivariate analysis and
found that the three complex features of febrile
convulsions were independent predictors of later
afebrile seizures.'"

FEBRILE CONVULSIONS AND BRAIN DAMAGE

Animal experiments show that prolonged seizures
can lead to localised cerebral damage.'2 Evidence that
prolonged febrile convulsions cause damage leading to
epilepsy has come retrospectively from the study of
adults with intractable complex partial seizures
(temporal lobe epilepsy) many of whom had a history
of prolonged febrile convulsions. 'I In 1977 Wallace
reported an association between convulsions with fever
that were severe and unilateral and later "psychomotor
epilepsy," concluding that prevention of epilepsy lies
in preventing prolonged fits.1' It has also been suggested
that the occurrence of a convulsion makes it easier for
another seizure to occur.'6 We found little evidence
that there was progressive "damage" leading to more
severe attacks: after a first simple febrile convulsion the
proportion of febrile recurrences that were complex
was 17% (18/105), less than the 20% (77/305) of first
febrile convulsions that were complex. Also only four
children had a first simple febrile convulsion followed
by a complex febrile recurrence and then by afebrile
seizure.
As for the question of prolonged febrile convulsions

causing later epilepsy, 32 of the 398 children with
febrile convulsions had prolonged convulsions. Three
of these children, two of whose convulsions also had
focal features, later had complex partial seizures. A
fourth child had one afebrile tonic-clonic seizure.
Although we found an association between the occur-
rence of focal febrile convulsions and later complex
partial seizures, the ratio between afebrile tonic-clonic
seizures and complex partial seizures in children who
had had febrile convulsions was almost the same as that
in children who had never had febrile convulsions.
Annegers et al" and Lee et al'7 reported similar results.
These findings are compatible with the hypothesis that
febrile convulsions do not contribute appreciably to
the occurrence of partial complex seizures. 8 The
tendency to have complex febrile convulsions may
reflect pre-existing brain disease that is also responsible
for the subsequent development of partial epilepsy,' 19

and our data support that suggestion.

ROLE OF ANTICONVULSANTS

Although our study was not designed to evaluate the
role of anticonvulsants in preventing afebrile seizures
after febrile convulsions some conclusions can be
drawn. Only a small proportion of the children were
prescribed anticonvulsants for more than a month as
prophylaxis against febrile convulsions, so it seems
unlikely that anticonvulsant drugs had much influence
on outcome in our study. As only four of the 287
children who had had only simple febrile convulsions
later had afebrile seizures, there seems little support
for prescribing anticonvulsants in this case. Children
with complex febrile convulsions were more likely to
develop afebrile seizures but even so only nine of the
95 who had ever had complex febrile convulsions
developed afebrile seizures. Five of the nine had had
complex first febrile convulsions so any damage caused
by a complex convulsion would have been sustained
before prophylactic medication could be considered.
We conclude that there is only a small risk of

developing afebrile seizures after most febrile con-
vulsions and that prophylactic anticonvulsants are
unlikely to reduce the risk significantly.

Professor Neville Butler created the child health and
education study from the original birth week studies. The
study was funded by the Medical Research Council, the
Department of Health and Social Security, and the Gertrude
H Sergievsky Center, Columbia University, New York. We
thank the midwives, health visitors, general practitioners,
medical records officers, and clinicians who provided the
essential information, and the children and their parents.
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Severe cystitis associated with
tiaprofenic acid

M Ahmed, 0W Davison

Cystitis, or inflammation of bladder mucosa, presents
as urinary frequency, nocturia, and dysuria. Most
cases of cystitis are infective, though local chemical
inflammation may be responsible in some cases. We
report three cases of severe cystitis associated with
tiaprofenic acid.

Case reports
CASE 1

An 82 year old woman was prescribed triaprofenic
acid 300 mg twice a day in December 1987 for
osteoarthritis. She was also taking bendrofluazide 5 mg
once a day. No previous allergy or intolerances were
known. Within weeks of starting treatment with
tiaprofenic acid she developed symptoms of urinary
frequency, dysuria, and nocturia with a sterile pyuria
and microscopic haematuria. She was given multiple
antibiotics and topical oestrogens but none resolved
the symptoms.
An intravenous urogram and urine cytology

appeared normal and a urinary culture was negative for
mycobacterium. Cystoscopy showed severe global
cystitis. Histological examination of multiple bladder
biopsy specimens showed that most of the bladder
mucosa was replaced by inflammatory cell infiltrate in
the submucosa, suggestive of interstitial cystitis.
Tiaprofenic acid was discontinued and within two
weeks her urinary symptoms had completely resolved.
Cystoscopy six weeks later showed complete resolution
of cystitis.

CASE 2
An 81 year old woman was prescribed sustained

action tiaprofenic acid in October 1988. She had taken
2 5 mg prednisolone once a day since 1973 for
polyarthritis. Within a few weeks of starting tiapro-
fenic acid she developed cystitis with sterile pyuria. An
intravenous urogram showed a partial duplex system
on the left side. Analysis of blood chemistry and urine
cytology gave normal results and a urine culture was
negative for acid fast bacilli. Cystoscopy showed severe
generalised cystitis. Four quadrant biopsy specimens
showed oedematous stroma with diffuse infiltration of
chronic inflammatory cells. The urothelium was com-
pletely lost, and special staining showed numerous
mast cells, which suggested interstitial cystitis. Cystitis

completely resolved on stopping tiaprofenic acid.

CASE 3

A 69 year old woman was referred for urological
consultation with a six month history of resistant
cystitis. She had been taking sustained action tiapro-
fenic acid 300 mg/day for the past eight months. She
was also receiving beclomethasone and salbutamol by
inhaler, slow release theophylline 400 mg/day, and
bendrofluazide 2 5 mg/day. An intravenous urogram
appeared normal. Cystoscopy showed generalised
cystitis. Tiaprofenic acid was stopped and a repeat
cystoscopy three weeks later confirmed that the cystitis
had resolved. She remained free of bladder symptoms
one year later.

Comment
Cystitis as a side effect of systemically administered

drugs is rare. A Medline search from 1980 to 1990
yielded 12 reports, most of which related to cyclo-
phosphamide. Other drugs implicated were danazol,
which causes haemorrhagic cystitis in patients with
hereditary angioneurotic oedema,' and tranilast, an
antiallergic drug, which causes eosinophilic cystitis2;
one case of cystitis with kanamycin is reported in
Russian. Nineteen cases of cystitis with tiaprofenic
acid are registered with the Committee on Safety of
Medicines.

Tiaprofenic acid is a non-steroidal anti-inflammatory
drug of the propionic acid group. It is a potent
inhibitor of prostaglandin biosynthesis through inhibi-
tion of cyclo-oxygenase.3 Tiaprofenic acid is metabo-
lised in the liver, where about 5% is oxidised to phenol
and alcohol derivatives. The parent compound and
these metabolites are excreted in urine largely as
acylglucuronides. The half life of the drug is short, and
steady state is reached on the first day of the treatment.
The mechanism of tiaprofenic acid induced cystitis

remains unknown. But awareness of this side effect is
important as non-steroidal anti-inflammatory drugs
are the most commonly prescribed drugs. In addition
tiaprofenic acid induced cystitis could be confused
with interstitial cystitis, the treatment of which is
highly unsatisfactory and invasive.

1 Andriole GL, Brickman C, Lack EE, Sesterhenn IA, Javadpotur N, Frank MM,
et al. Danazol induced cystitis: an undescribed source of hematuria in
patients with hereditary angioneurotic edema.J7 Urol 1986;135:44-6.

2 Nasada r, Ishikawa S, Sakamola M, Kalayama T, Iyarashi T, Fukuda T, et al.
N-(3',4'-dimethoxycinnamoyl) anthranillic acid, an antiallergic compound,
induced eosinophilic cystitis. Urol Int 1986;41:457-64.

3 Sorkin EM, Brogden RN. Tiaprofenic acid. A review of its pharmacological
properties and therapeutic efficacy in rheumatic discases and pain states.
Drugs 1985;29:208-35.
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